Abstract: By applying continuity and boundary conditions, the reflection and transmission coefficients of one-dimensional time-independent Schrödinger equation with a symmetric
Introduction
The scattering phenomena, such as scattering phase shifts, reflection and transmission coefficients are used to explain the behaviour of waves incident on a barrier [1] [2] . The transmission coefficient represents the probability flux of the transmitted wave relative to that of the incident wave. It is often used to describe the probability of a particle tunneling through a barrier. This is more feasible in the case where electrons tunnel between two conducting materials. The shifted Deng-Fan potential is a suitable model for the theoretical predictions because it has been used extensively in both relativistic and non -relativistic quantum mechanics. The original Deng-Fan molecular potential has the correct asymptotic behaviour at the origin [3] [4] [5] [6] [7] [8] [9] , and so, it has been used to predict the interactions between atoms and molecules and vibrational spectrum [3] [4] [5] [6] [7] [8] [9] .
Just of recent, a modified form of Deng-Fan potential called the shifted Deng- and obtained ro-vibrational energies for some diatomic molecule [13] . He showed how this potential is related to the Deng-Fan potential [14] . Thus, the study of reflection and transmission coefficients of the symmetric barrier-type shifted Deng-Fan potential model is very necessary.
Very recently, attention has been directed to the studies on barrier penetration problems. and transmission coefficients of the one-dimensional Schrödinger equation [17] .
In view of a spatially one-dimensional asymmetric Hulthén potential, Hassanabadi et al. two-body analyses of spinless particles, scattered by an inter-particle barrier in 1+1 dimensions [19] .
The present study focuses on the reflection and transmission coefficients of non-relativistic particles incident on the one dimensional piecewise shifted Deng-Fan type potential barrier. The exact results for this potential are reliable and consistent within the non-relativistic Schrödinger equation.
The present work is organized as follows. In Section 2, we present the basic onedimensional time-independent Schrodinger equation for a particle with mass approaching a potential ( ). In Section 3, we obtain the reflection and transmission coefficients of Schrödinger wave equation with a symmetric 'barrier-type' shifted Deng-Fan potential. Conclusions are given in Section 4.
The Basic Equation
The one-dimensional time-independent Schrodinger equation for a particle with mass approaching a potential ( ) is given by
The one dimensional symmetric 'barrier-type' shifted Deng-Fan potential studied is given [10] [11] [12] [13] [14] by
where is the equilibrium distance, 0 is dissociation energy, is the inverse potential range and the positive parameter < 1 hold at the origin.
The Reflection and Transmission Coefficients
By considering the symmetric shifted Deng-Fan potential for the region < 0, Eq. (1) yields
As → −∞ in the region, with the aid of a new variable = in Eq. (3), we obtain the following linear differential equation:
where 
To transform Eq. (4) into equation of hypergeometric type, we employed a trial wave function of the type:
and with the aid of this in Eq. (4), we obtain the equation of hypergeometric type as:
(1− ) ( ) = 0.
As → −∞ in the region ( < 0) the wave function is the sum of the incident wave and the reflected wave and is of the type [17, 18, 20, 21] ψ ( ) = 1 (1 − ) 2 1 ( , ; ; )
where we have used the following parameters for simplicity:
It is worth nothing that = , and that = √2 is the asymptotic wave number.
By considering the symmetric potential for the region > 0, for which the positive parameter ̃< 1 holds, Eq. (1) yields
To obtain a solution as → ∞ in the region ( > 0), we apply a new variable =̃− in Eq. 
Transforming Eq. (10) into equation of hypergeometric type is done by employing a similar trial wave function of the type:
which yields another equation of hypergeometric type of the form:
As → ∞ in the region ( > 0), the wave function is the transmitted wave only and is of the type [17, 18, 20, 21] ψ ( ) = 3 (1 − ) 2 1 (̃,̃;̃; )
where we have used the following parameters for simplicity: 
Now, we consider the asymptotic behaviour of the wave functions on the both sides, i.e.
Consequently, we summarize the total wave function for the limit → ±∞ as:
In order to evaluate the explicit expressions for the coefficients 1 , 2 , and 4 employed in Eq. 
where we have employed useful parameters in the process of derivation. 
The Reflection coefficient and the transmission coefficient are defined [17, 18] 
Conclusion
We have investigated the one-dimensional time-independent Schrödinger equation with a symmetric barrier surrounded by shallow wells on both sides of the barrier. The shape on either side of the barrier top is that of a shifted Deng-Fan potential which has been cut at the origin.
Continuity and scattering boundary conditions are applied in a standard way. After transforming the Schrödinger equation to a suitable form having hypergeometric solutions, we derive the expressions for the reflection (R) and transmission (T) coefficients satisfying T+R=1.
Numerical results are exact, except for truncations, and have been verified by an independent numerical amplitude-phase method [15] . The presence of a resonance phenomenon is found for a particular set of barrier parameters, which allows total transmission at zero scattering energy and transmission peaks at energies close to zero.
We conclude that the shallow well is responsible for the resonance phenomenon and that the
